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Background: Preventing the development of iron deficiency anemia during infancy requires the appropriate complementary
foods with high energy, nutrient density, and adequate iron content, as well as high nutrient bioavailability. We aimed to
evaluate iron intake, bioavailability, and absorption from foods, in healthy infants and toddlers at a Well Child Clinic.
Methods: This observational, cross-sectional, descriptive study evaluated 96 consecutive infants and toddlers, 6 to 12 months of
age (group I) and 13 to 36 months of age (group II) that were brought for regular pediatric visits and introduced to
complementary foods. Quantitative 24-h dietary recalls were obtained, and iron intakes quantified for lunch and dinner. Iron
bioavailability and absorption were calculated and analyzed by Monsen’s and FAO/WHO’s methods according to enhancing
factors: meat, poultry, and fish (MPF) and vitamin C.
Results: There were no significant differences in demographic, clinical, and anthropometric variables between groups. Vitamin
C intake was not different between groups, but MPF was significantly lower in group I. The proportion of children with
recommended RDA iron intake was lower (p< 0.05) in group I (16 %) than that in group II (47 %). Group I had lesser MPF
intake and iron absorption and a higher proportion of children with low bioavailability in lunch and dinner when compared to
group II (p< 0.05).
Conclusions: Inclusion of low-cost meat, especially chicken meat and vitamin C-rich foods, at the same meal, both in lunch
and dinner, would be of particular advantage to ensure an adequate intake of bioavailable iron during complementary feeding.
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Adequate nutrition during infancy and early childhood is
essential to ensure the full potential of growth and devel-
opment [1]. The transition from breastfeeding to comple-
mentary foods and family foods represents a phase of
nutritional vulnerability for infants and toddlers. The* Correspondence: frantvf@fmb.unesp.br
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Iron is essential in human nutrition whereas iron defi-
ciency is the most prevalent micronutrient deficiency in
the world [3]. Adequate iron status in infancy is import-
ant because of the adverse effects of its insufficiency on
child health and development such as cognitive impair-
ment, decreased activity, and death from severe anemia
[4]. In Brazil, a systematic review based on 53 studies
evaluated 256 publications from 1996 to 2007 and data
of 20,952 children under 5 years pointed out 53 % ofle is distributed under the terms of the Creative Commons Attribution 4.0
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to age under two years [5]. This data is considered a
high prevalence rate by the WHO and contrast with
39.5 % in all of Latin America.
Infants and toddlers are especially susceptible to iron
deficiency anemia because exogenous iron requirements
increase rapidly during the second half of the first year.
Preventing the development of iron deficiency anemia
during this early phase of life requires the appropriate
complementary foods with high energy, nutrient density,
and adequate iron content, as well as high nutrient
bioavailability. Different approaches are suggested to im-
prove iron bioavailability from complementary foods,
e.g., by increased consumption of vitamin C-rich fruits
and vegetables and meat. In particular, red meat is an
excellent source of highly bioavailable heme iron, in
addition to significantly increased non-heme iron bio-
availability [6]. Therefore, meat intake during comple-
mentary foods is very powerful for maintaining iron
stores [7] and appropriate complementary foods should
be explored and adapted to local conditions.
On the basis of these observations, the aim of this study
was to evaluate iron intake, bioavailability, and absorption
from foods, in healthy infants and toddlers at a Well Child
Clinic. We hypothesize that the complementary feeding of
children with normal growth and oriented for the recom-
mended “Ten Steps for Healthy-Eating Children Under
Age Two” [8] is adequate on macronutrients but is low in
iron intake and bioavailability.Methods
Design and subjects
This is an observational, cross-sectional, descriptive, and
quantitative study. The sample comprised consecutive
infants and toddlers, aged 6 to 12 months (group I) and
13 to 36 months (group II) who were attended at the
Well Child Clinic between September 2009 and December
2010. For selection of the subjects, inclusion criteria were
as follows: children from mothers who had early and regu-
lar antenatal care, gestational age of 37–41 weeks, birth
weight within the 10th–90th percentiles, and with regular
pediatric visits to the Well Child Clinic since 1 month of
age. All of them had been introduced to home-prepared
complementary foods and oriented for the recommended
Ten Steps for Healthy-Eating Children Under Age Two by
two of the authors [8]. Exclusion criteria were as follows:
birth defects or congenital malformation, long-term dis-
eases, and any food allergies. The study was approved by
the Ethics Committee of the Botucatu Medical School/
UNESP. All legal parent or guardian of the children stud-
ied gave written consent to participate in the study under
the “Ethics, consent and permissions” heading and had
consent to publish the results.Procedures
A questionnaire was developed specifically for this pro-
ject, and the data were obtained from the mothers and
notes of the patients. Data was collected, coded, and
processed by all the authors with adequate precautions
to ensure patient confidentiality.
Anthropometry
All anthropometric measurements were made using cali-
brated equipment and standardized techniques according
to WHO guidelines [9] and included weight recorded by
an electronic scale (Microelectronic Filizola scales, model
E-150/3P) accurate to 5 g whereas the recumbent length
and height were measured by an infantometer and
anthropometer, respectively. The z scores for weight-for-
age, length/stature for-age, and BMI-for-age were calcu-
lated via the computer program Anthro from the WHO
Multicentre Growth Reference Study, and a z score be-
tween −2z and 2z was considered normal [10].
Dietary intake
Dietary interviews, conducted by a nutritionist, obtained
quantitative 24-h dietary recalls of the day preceding the
outpatient clinic visit. Intake was estimated through
common household measures referred by mothers and
the composition described on the brand of the products
[11]. The dietary data collected were breastfeeding and
bottle/cup feeding (number of times per day), number
and size of foods, and composition of meals. Iron and vi-
tamins from medicinal supplements were not included
in this analysis. The methodology of Drewett et al. [12]
was used to estimate breast milk intake. By this method,
the volume of milk consumed was based on the duration
and frequency of feedings, quantity (in kilocalories) of
complementary feeding, and the child’s age. The software
DietPro 5.0 (Nutritional Support Program) and a Brazilian
food composition table [13], with additional information
obtained from food manufacturers about products not in-
cluded in the tables, were used to calculate the nutritional
values of the diets (energy, macronutrients, total iron,
heme, non-heme iron, and vitamin C). The nutrient in-
takes were evaluated in two ways: g/kg of body weight and
by energy intakes (g/1000 kcal). The dietary intakes of iron
were quantified separately for lunch and dinner.
Iron bioavailability and absorption
The analysis of iron absorption was calculated for lunch
and dinner by Monsen’s and FAO/WHO’s methods.
Monsen’s method was used to estimate iron bioavailabil-
ity according to enhancing factors calculated as the sum
of meat, poultry, and fish (MPF) in grams and vitamin C
in milligrams, consumed in the same meal. Monsen’s
method [14, 15] based on algorithms suggests that heme
iron bioavailability is 23 % while non-heme is 3 % in
Table 1 Child and parental characteristics by age groups
Characteristics Group I, 6–12 months




Mean ± SE (95 % CI)
Child Characteristics
Gender F/M (% F) 23/32 (42) 17/24 (41)
Child age (months) 8.5 ± 2.1 (8.0–9.1) 23.1 ± 6.9 (20.9–25.3)*
Parental characteristics
Maternal age (years) 26.8 ± 6.2 (25.1–28.5) 27.5 ± 7.4 (25.1–29.8)
Paternal age (years) 30.1 ± 7.8 (28.0–32.3) 30.5 ± 7.5 (28.1–32.9)
Maternal schooling
(years)
8.7 ± 3.1 (7.8–9.5) 7.5 ± 3.5 (6.4–8.6)
Paternal schooling
(years)
8.8 ± 2.9 (8.0–9.7) 8.2 ± 3.2 (7.1–9.3)
Birth characteristics
Gestational age 38.6 ± 2.2 (38.0–39.2) 39.1 ± 3.1 (38.1–40.1)






























F female, M male, CI confidence interval
*Significantly different p < 0.05 based on t test
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ity diet. Also, the FAO/WHO [16] method is based on
daily total dietary intakes adjusted for heme and non-
heme iron and ascorbic acid intake. In this method, the
bioavailability of heme iron is 25 %, and non-heme iron
is 5 % in a low, 10 % in an intermediate, and 15 % in a
high bioavailability diet.
Recommended Dietary Allowances for iron
The Recommended Dietary Allowance (RDA) for iron
according to age is 11 mg/day for infants from 7 to
12 months and 7 mg/day for toddlers from 1 to 3 years
of age [17]. The daily recommended nutrient intakes for
iron based on dietary iron bioavailability for high (15 %),
intermediate (10 %), and low (5 %) bioavailability diets
are, respectively, 6.2, 9.3, and 18.6 mg for 6–12 months
and 3.9, 5.8, and 11.6 mg for 13–36 months [18].
Statistical analysis
Data management and analysis was performed using
GraphPad Prism Version 5.0, 2005 (GraphPad Software
Inc. San Diego, CA, USA). Descriptive statistics were
used for the participants’ characteristics and nutrient in-
take, presented as mean, standard error, and confidence
interval of the mean (95 %).Comparisons between the
two groups were made using unrelated t tests for con-
tinuous variables and chi-square test for categorical vari-
ables, considering p < 0.05 significant.
Results
Characteristics of the participants
This study evaluated 107 children between 6 and 36 months
of age, of which 96 were included for analysis and were di-
vided into two groups. Eleven children were excluded due
to refusal to participate and/or incomplete 24-h recall data.
Sociodemographic, anthropometric, weaning, and nutri-
tional variables of the subjects and their parents are pre-
sented in Table 1. By design, there was a highly significant
difference in the mean age of children between groups, and
there were no significant differences in other variables. z
scores <−2 of weight-for-age, length/stature for-age, and
BMI-for-age were observed in 3.9, 5.4, and 3.9 %, respect-
ively, with no difference between groups.
Dietary daily intake
Table 2 presents the results obtained from the daily diet-
ary intakes in g/kg and g/1000 kcal of selected nutrients.
There were no differences in nutrient intakes between
the groups except for MPF in g/kg and g/1000 kcal, and
group I was significantly lower than group II (p < 0.05).
There was no difference in proportion of heme iron
(16 %) and non-heme iron (84 %) intake in group I and
heme iron (18 %) and non-heme iron (82 %) in group II.
The proportion of children with RDA for iron intakewas lower in group I (16 %) than that in group II (47 %)
and statistically significant (p = 0.0013). There was no
difference in proportion of children with medicinal iron
intake: 38 % for group I and 39 % for group II.
Iron bioavailability and absorption
Table 3 presents total iron intake, vitamin C, MPF, iron
bioavailability, and absorption from lunch and dinner by
age groups. In summary, group I had lower MPF intake
and iron absorption from lunch and dinner according to
FAO/WHO’s method (p < 0.05) and lower MPF intake
from Monsen’s in lunch but not in dinner. The proportion
of children with low bioavailability was higher in group I
both for lunch and dinner than that in group II (p < 0.05).
Discussion
The present study was designed to determine the intake,
bioavailability, and absorption of iron from foods of 6–
Table 2 Dietary daily intake of energy and selected nutrients by age groups
Nutrients Group I, 6–12 months (no. of subjects = 55) Group II, 13–36 months (no. of subjects = 41)
Mean ± SE (95 % CI)
Energy kcal/kg) 110.8 ± 42.2 (98.9–122.7) 115.3 ± 45.0 (100.9–129.7)
Macronutrients intake
Carbohydrate (g/kg) 14.5 ± 6.4 (12.7–16.3) 15.3 ± 7.3 (13.0–17.7)
Protein (g/kg) 4.4 ± 2.3 (3.7–5.1) 4.6 ± 1.7 (4.0–5.1)
Fat (g/kg) 3.9 ± 1.4 (3.5–4.3) 3.9 ± 1.7 (3.4–4.4)
Carbohydrate (g/1000 kcal) 130.1 ± 22.0 (123.9–136.3) 131.8 ± 21.8 (124.8–138.8)
Protein (g/1000 kcal) 38.6 ± 13.8 (34.7–42.5) 41.1 ± 9.6 (38.0–44.2)
Fat (g/1000 kcal) 36.9 ± 9.1 (31.8–37.1) 34.4 ± 8.2 (31.8–37.1)
Iron intake
Total iron (mg/kg) 0.78 ± 0.9 (0.5–1.0) 0.76 ± 0.7 (0.5–1.0)
Heme iron (mg/kg) 0.09 ± 0.1 (0.06–0.1) 0.11 ± 0.1 (0.08–0.1)
Non-heme iron (mg/kg) 0.66 ± 0.9 (0.4–0.9) 0.56 ± 0.4 (0.4–0.7)
Total iron (mg/1000 kcal) 6.1 ± 5.2 (4.6–7.5) 6.9 ± 8.2 (4.2–9.5)
Heme iron (mg/1000 kcal) 0.8 ± 0.8 (0.5–1.0) 1.0 ± 0.8 (0.7–1.3)
Non-heme iron (mg/1000 kcal) 4.8 ± 4.3 (3.6–6.1) 4.6 ± 2.8 (3.7–5.5)
Enhancing factors of iron absorption
Vitamin C (mg/kg) 7.7 ± 4.4 (6.4–9.0) 6.8 ± 6.4 (4.7–10.3)
Vitamin C (mg/1000 kcal) 81.7 ± 52.4 (66.6–96.8) 73.3 ± 76.6 (48.4–98.1)
Animal tissue MPF(g/kg) 4.3 ± 5.1 (2.8–5.7) 5.9 ± 4.5 (4.4–7.3)*
Animal tissue MPF(g/1000 kcal) 38.3 ± 43.8 (26.0–50.6) 53.7 ± 3.4 (41.1–66.3)*
MPF meat-poultry-fish, CI confidence interval
*Significantly different p < 0.05 based on t test
Table 3 Iron bioavailability and absorption from main meals according to FAO/WHO’s and Monsen’s methods by age groups
Group I, 6–12 months (no. of subjects = 55) Group II, 13–36 months (no. of subjects = 41)
Mean ± SE (95 % IC)
Lunch
Total iron intake (mg) 1.7 ± 1.2 (1.4–2.1) 2.6 ± 1.3 (2.2–3.1)*
Vitamin C (mg) 23.1 ± 24.6 (16.130.1) 33.3 ± 43.9 (19.2–47.3)
MPF (g) 28.1 ± 34.3 (18.537.8) 48.7 ± 39.8 (35.9–61.5)*
Iron bioavailability (no. of subjects) H (33) I (22) L (45) H (59) I (24) L (17)**
Total iron absorbed FAO/WHO (mg) 0.2 ± 0.2 (0.19–0.34) 0.4 ± 0.3 (0.38–0.58)*
Total iron absorbed Monsen (mg) 0.2 ± 0.2 (0.1–0.2) 0.3 ± 0.2 (0.2–0.4)*
Dinner
Total iron intake (mg) 1.3 ± 1.0 (1.0–1.6) 1.8 ± 1.3 (1.3–2.2)
Vitamin C (mg) 11.0 ± 17.7(5.9–16.1) 19.0 ± 28.2(10.0–28.0)
MPF (g) 10.7 ± 17.5(5.7–15.6) 21.5 ± 26.5 (12.7–29.7)*
Iron bioavailability (no. of subjects) H (11) I (20) L (69) H (22) I (34) L (44)*
Total iron absorbed FAO/WHO (mg) 0.1 ± 0.2 (0.10–0.21) 0.2 ± 0.2 (0.1–0.3)*
Total iron absorbed Monsen (mg) 0.1 ± 0.1 (0.0–0.1) 0.1 ± 0.1 (0.1–0.2)
H high, I intermediate, L low, MPF meat-poultry-fish, CI confidence interval
*Significantly different p < 0.05 based on t test
**Significantly different p < 0.05 based on chi-square test; bioavailability
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sults of macronutrients and iron intake supported the
study hypothesis and demonstrated the low intake of
MPF of the 6–12-month-old group. In this group, the
bioavailability of iron is of special concern, because re-
quirements for absorbed iron are high in relation to their
energy intake and body size [18]. A limitation of this study
is that the inhibitory factors of iron absorption as phytic
acid and calcium were not evaluated. Strength of this
study included the degree of homogeneity between groups
in sociodemographic, clinical, and nutritional data.
In Brazil, the traditional homemade complementary
foods are based on fruits and fruit juices during the first
step and cereals, legumes, and meat in the second step
[8]. As observed, vitamin C intake is adequate as an en-
hancing factor in both groups, and MPF intake is low in
the second half of the first year. Body iron tends to change
mainly during the first 6 to 12 postnatal months when
iron stores have been depleted. Additional dietary iron
needs to be supplied for the rapidly expanding blood vol-
ume and replacement of iron losses. Therefore, iron re-
quirements from exogenous sources are particularly
important after 6 months. A study on food intakes of in-
fants showed that they were eating vegetables and fruits
and very few consumed meat or meat mixtures [19].
In developing countries, the role of animal source
foods was highlighted, specially meat in complementary
feeding for improving infant health [20]. Meat intake is
associated with increased weight gain and psychomotor
development in infants [21] and prevents a decrease in
hemoglobin, possibly by enhancing iron absorption from
less bioavailable food sources [22]. Also, introduction of
meat as a complementary food for exclusively breastfed
infants is feasible and associated with potential benefits
[23]. Fortunately, foods rich in vitamin C and heme iron
food sources such as chicken meat are annually available
and not expensive for the population evaluated, being
both powerful enhancers of iron absorption when con-
sumed within a meal. Another good alternative would be
the regular distribution of infant formula or infant cereal
enriched with iron [24].
Conclusions
The findings of this study have serious implications for
future practice, like the inclusion of chicken meat and
vitamin C at the same meal, both in lunch and dinner, as
first complementary foods, inclusive for breastfed infants.
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